We present results of VLBI observations of the water masers associated with IRAS 4A and IRAS 4B in the NGC 1333 star-forming region taken in four epochs over a two month period. Both objects have been classified as extremely young sources and each source is known to be a multiple system. Using the Very Long Baseline Array, we detected 35 masers in Epoch I, 40 masers in Epoch II, 35 in Epoch III, and 24 in Epoch IV. Only one identified source in each system associates with these masers. These data are used to calculate proper motions for the masers and trace the jet outflows within 100 AU of IRAS 4A2 and IRAS 4BW. In IRAS 4A2 there are two groups of masers, one near the systemic cloud velocity and one red-shifted. They expand linearly away from each other at velocities of 53 km s −1 . In IRAS 4BW, masers are observed in two groups that are blue-shifted and red-shifted relative to the cloud velocity. They form complex linear structures with a thickness of 3 mas (1 AU at a distance of 320 pc) that expand linearly away from each other at velocities of 78 km s −1 . Neither of the jet outflows traced by the maser groups align with the larger scale outflows. We suggest the presence of unresolved companions to both IRAS 4A2 and 4BW.
Introduction
Water masers are excellent probes of astrophysical flows. Their large flux densities and exceedingly compact sizes make them perfect Very Long Baseline Interferometer (VLBI) targets. Many masers observed in star-forming regions are thought to form in shocks either in or along the outflow of material commonly seen associated with young stellar objects (YSOs). They provide a high resolution probe of the base of the stellar wind that is unaffected by extinction from dust or extensive interaction with ambient material. The milliarcsecond resolution of VLBI is critical to resolve the individual maser components and outflows, particularly in high stellar density environments.
Long term total power monitoring has shown that masers around low mass YSOs are more episodic than those around higher mass YSOs, however, their detectable phases are sufficiently long for proper motion measurements if the observations are spaced by no more than two to three weeks (Furuya et al. 2003; Brand et al. 2003; Claussen et al. 1996; Wilking et al. 1994) . Furthermore, if they arise in the warm (400K) spatially confined post-shock region, as postulated in various models (Elitzur, Hollenbach, & McKee 1992 , 1989 MacLow et al. 1994; MacLow & Elitzur 1992) , they should have space velocities sufficient to produce mea-surable proper motions over one to three weeks. However, regular monitoring of low mass YSOs is necessary to ensure that VLBI observations are conducted during periods of high maser activity.
Using the NRAO's 1 Very Long Baseline Array (VLBA), proper motion studies have been made of water masers associated with high mass and intermediate mass YSOs such as Cepheus A HW2 (Torrelles et al. 2001) , S 106 FIR (Furuya et al. 2000) , NGC 2071 (Seth et al. 2002) , and IRAS 20050+2720 MMS1 (Furuya et al. 2005) as well as with lower mass YSOs such as Serpens SMM1, RNO 15-FIR, and IRAS 05413-0104 (Moscadelli et al. 2006; Claussen et al. 1998) . For example, water masers in IRAS 05413-0104 (associated with HH 212 at a distance of 450 pc), were found to lie in a structure of 10 AU in length and less than 0.5 AU thick. The masers appeared to arise in shock-related structures which showed proper motions along the axis of the outflow of 60 km s −1 and displayed coherent structures over time scales of two to three weeks (but which was less discernible over time scales as long as several months). Comparison with molecular and infrared observations of IRAS 05413-0104 clearly demonstrated that proper motion studies of water masers in the region (within 40 AU) of the central source are among the best tools for studying the kinematics of the jets emanating from embedded YSOs.
IRAS 4, comprised of multiple sources whose submillimeter-dominated 'Class 0' spectral energy distributions suggest extreme youth, is located in the NGC 1333 star-forming region. As a nearby active and multiple young object, it presents a prime candidate for VLBI observations of its associated water masers. Located at a distance of 320 pc (de Zeeuw et al. 1999) , the NGC 1333 molecular cloud hosts a double infrared cluster of about 200 YSOs identified in near-infrared surveys (Strom et al. 1976; Aspin et al. 1994; Lada, Alves, & Lada 1996; Wilking et al. 2004 ) and x-ray surveys (Preibisch 1997; Getman et al. 2002; Preibisch 2003) . Far-infrared observations have not only revealed the higher luminosity sources in NGC 1333, but also YSOs in the earliest phase of evolution such as the Class 0 sources IRAS 4 and IRAS 2 (Harvey, Wilking, & Joy 1984; Jennings et al. 1987) . IRAS 4 was found to be a binary at submillimeter wavelengths (Sandell et al. 1991) ; hence IRAS 4A and 4B. IRAS 4A is located 31
′′ to the NW of 4B at a position angle of -45
• . Subsequently, both IRAS 4A and 4B were found to be binary systems. Lay, Carlstrom, & Hills (1995) performed single baseline interferometry in the submillimeter and found that 4A was a binary with an angular separation of 1.8 ′′ (or 580 AU at 320 pc). Interferometric observations in the millimeter and radio continuum confirmed the separation and determined that the position angle of separation was ≈ −20
• (Looney, Mundy, & Welch 2000; Reipurth et al. 2002) . While the easternmost source (IRAS 4A1) dominates the millimeter and radio continuum emission, the westernmost source IRAS 4A2) appears to be relatively more evolved with a warm ammonia core (Wootten & Mangum 1993; Shah 2000) and a wealth of complex organic molecules (Bottinellii 2007, priv. comm.) . Submillimeter and millimeter wave continuum observations have confirmed the prediction of Lay, Carlstrom, & Hills (1995) that IRAS 4B is also a binary with components (4BE and 4BW) separated by about 10 ′′ (3200 AU in projection) along an E-W direction (Smith et al. 2000; Looney, Mundy, & Welch 2000; Sandell & Knee 2001) .
2 As in the case of IRAS 4A2, complex organic molecules have been detected toward IRAS 4B (Bottinelli et al. 2007 ), presumably from a hot core associated with 4BW. We note that IRAS 4BE has yet to be detected in the radio continuum or demonstrate any sign of outflow activity. Infall motions have been detected toward IRAS 4A and 4B (Di Francesco et al. 2001) , unambiguously toward the former, and strongly indicated toward the latter.
The detection of water masers toward IRAS 4A and 4B suggests that they are YSOs also associated with mass outflow. Water masers were first detected in single dish observations by Haschick et al. (1980) and later monitored by Claussen et al. (1996) . These observations established the maser emission as highly variable on monthly time scales, sometimes being completely absent while at other times reaching peaks of 10 Jy. Detected emission was found from −10 to +15 km s −1 but the angular resolution was not sufficient to determine which masers were associated with 4A and 4B. Beginning in 1983, VLA observations have shown water maser activity associated only with IRAS 4A2 and/or 4BW Wootten 1998; Furuya et al. 2003) . VLBA observations of the water masers in IRAS 4A and 4B, acquired in 2003, have been presented by Desmurs et al. (2006) . While masers were detected in only two of the four epochs observed, they confirmed the association of masers with IRAS 4A2 and expansion motion between the two spots was detected. In IRAS 4BW, the five maser spots detected were red-shifted and formed a chain 80 mas in extent with some masers displaying proper motion toward the north.
Molecular outflows have been mapped toward both IRAS 4A and 4B. IRAS 4A is associated with a highly collimated outflow about 20,000 AU in extent seen in HCN and SiO with a position angle close to 20
• (Girart, Crutcher, & Rao 1999; Choi 2001 Choi , 2005 . The origin of the outflow is likely IRAS 4A2 (Choi 2005) . On a larger scale (≈ 1 × 10 5 AU), the outflow defined by CO and molecular hydrogen has a position angle of 45
• (Blake et al. 1995; Choi et al. 2006) . The shift in position angle from small to large scale is perhaps due 2 We adopt the naming convention introduced by Sandell & Knee (2001) . The western (eastern) source is referred to as IRAS 4BI (IRAS 4BII) by Smith et al. (2000) , as IRAS 4B (IRAS 4C) by Looney, Mundy, & Welch (2000) , and as IRAS 4B (4B ′ ) by (Di Francesco et al. 2001) .
to a combination of a shift in the direction of the magnetic field, an encounter with denser ambient gas, and precession of the outflow axis (Choi et al. 2006) . A more compact outflow is associated with IRAS 4BW, with a position angle close to 0
• (Blake et al. 1995; Choi 2001 ) with perhaps a second outflow with a position angle of -35
• (Di Francesco et al. 2001) .
In this paper we present VLBA observations of water masers associated with the IRAS 4 region obtained over four epochs in 1998 and spaced by about one month. We also describe Very Large Array (VLA) observations, taken one month in advance of the start of the VLBA observations, that showed IRAS 4 to be a very active maser source and yielded absolute positions for the masers and the 1.3 cm continuum sources IRAS 4A1 and IRAS 4BW. With the VLBA, we detected 35 masers in Epoch I, 40 masers in Epoch II, 35 in Epoch III, and 24 in Epoch IV associated with IRAS 4A2 and IRAS 4BW. We use these data to reveal the structure of shock fronts associated with stellar winds from these YSOs and to estimate proper motions for masers detected in all four epochs. The origin of the maser emission and its relationship to the stellar winds and larger scale molecular outflows from these YSOs is discussed.
Observations and Reductions

VLA Observations
The VLA was used on August 12, 1998 to observe the water masers toward IRAS 4A and IRAS 4B to check that the masers were strong enough to observe subsequently with the VLBA. The array was in the B configuration. The phase tracking center for the array was set to be midway between the IRAS 4A and IRAS 4B positions. spread over a range of hour angles to optimize the u, v coverage. Two observation modes were used. In the first, observations were made with both circular polarizations, a total bandwidth of 1.5625 MHz (total velocity extent of 21 km s −1 ) and a correlator setup which gave 127 spectral channels each with width of 12.2 kHz (0.16 km s −1 ). In this mode the water masers were observed with reasonably high spectral resolution in order to spectrally resolve the masers, and the observations lasted for ∼42 minutes (on source), In the second mode, the correlator was configured for continuum observations with one polarization pair (of IFs) set to a center frequency of 22264.9 MHz and a bandwidth of 50 MHz, while the other polarization pair were set to a bandwidth of 0.781 kHz, and the center frequency adjusted so that the strongest masers were placed at the center of the narrow band. This setup allowed the phases to be tracked using the strong signal in the narrow band, in order to calibrate tropospheric phase changes to apply to the 50 MHz continuum band (away from the maser emission). In this mode the continuum emission from the IRAS 4 region was observed for ∼3.5 hours (on source).
The data were edited, calibrated, and imaged with the NRAO Astronomical Image Processing System (AIPS, Greisen 2003) in the standard manner. In the high spectral resolution data, Stokes I images were made using uniform weighting of the u,v data, of each spectral channel, and were CLEANed to an rms noise (in channels without strong maser features) of ∼20 mJy beam −1 . The synthesized beam was 300 by 275 milliarcseconds (mas) at a position angle of −83
• . The strong masers in SSV13, some 196 arcseconds to the northnorthwest, contributed sidelobe emission in some spectral channels. In general, however, those channels affected did not have maser emission from IRAS 4A or 4B. With this angular resolution, many spectral features mapped to the same position, although two groups each of spatially separated masers were seen toward both IRAS 4A and 4B. The positions of these four maser groups, as estimated with Gaussian fits to the strongest maser in each group using the AIPS task JMFIT, are listed in Table 1. For the continuum observations, after the standard calibration, the narrow band data were imaged and used in an iterative self-calibration procedure. The self-calibration solutions obtained were applied to the broad band data, which were imaged with natural weighting of the u,v data (which increases the sensitivity relative to uniform weighting). The synthesized beam for this mode was 360 by 325 mas at a position angle of 77deg. The rms noise in this image was ∼120 µJy beam −1 . Unfortunately, the weather was not particularly good, and the system temperatures were elevated by about a factor 1.5 -2.0 over good weather conditions. Integrated flux densities at λ=1.3 cm for IRAS 4A1 and 4BW were 1.33 mJy and 0.54 mJy, respectively. IRAS 4A2 and 4BE were not detected to a 3σ peak flux density limit of 0.36 mJy beam −1 .
VLBA Observations
We have used the VLBA to obtain four epochs of observation of the water maser emission associated with a number of low-mass YSOs. Two subsequent papers will present results on IRAS 16293-2422 and SVS 13. A previous paper presented results for IRAS 05413-0104. Preliminary results of the observations presented here have appeared as Marvel et al. (2002) , while those of IRAS 16293-2422 and SVS 13 have appeared as Wootten et al. (1999) and Wootten et al. (2002) .
The observations were made with one polarization pair (both right and left circular polarization) of baseband channels, each with 4 MHz of bandwidth. This provides 54 km s −1 of total velocity coverage. Correlation was made with 256 spectral channels per baseband channel, yielding a velocity width in each spectral channel of 0.21 km s −1 . Although the velocity coverage is then only ±27 km s −1 from the systemic, no published higher velocity water masers have been detected from the IRAS 4 sources (Claussen et al. 1996; Brand et al. 2003; Furuya et al. 2003) .
Since IRAS 4A and 4B are located close together on the sky (within the primary beam of the VLBA antennas), we were able to direct the antennas of the VLBA to a position between the two sources and then perform two separate correlation passes with the VLBA correlator at the precise positions of the sources without loss of sensitivity. The correlation positions coincide with the centimeter continuum positions (see Table 1 ). Since the data were obtained contemporaneously, simply being correlated in separate passes, the two data sets share identical time ranges and mid-times of observation. Each of the four observations were separated in time by approximately three weeks. This separation was chosen based on past single dish monitoring observations (Claussen et al. 1996; Wilking et al. 1994) , which indicated significant flux changes on this timescale. The dates of the observations, mid-times of each epoch and Julian date of the mid-times are given in Table 2 along with the number of days between each pair of the observations. The data from each epoch were reduced using AIPS. Strong continuum sources were observed during each epoch to calibrate both the bandpass response of the receiver systems of each antenna as well as allowing determination of any residual delays uncompensated for by the correlator model. After residual delay removal, a strong maser feature displaying simple structure was selected for determination of delay changes during the observations. After the removal of these residual delay rates, the same channel was split from the data set for iterative self-calibration. The amplitude and phase self-calibration solutions were then applied to all spectral channels and the data were edited for poorly calibrated amplitudes.
After all calibrations were applied, the data were mapped using the AIPS task IMAGR. Spectral cubes were formed with pixel cell sizes of 85 µarcseconds. The restoring beam varied in size, but was typically about 800 µarcseconds by 400 µarcseconds with a position angle very close to −10.0
• east of north. The resolution varied for each epoch depending on the details of the self-calibration process and whether or not good self-calibration solutions were obtained for given antennas at given times. The exact imaging parameters for each epoch and rms noises for typical channels (those channels whose noise floor is not dictated by dynamic range constraints) are listed in Table 3 .
To aid in the analysis of the maser motions observed, two-dimensional Gaussian components were fit to each maser spot in each channel where the emission from an individual spot exceeded five times the RMS noise for that channel. This was carried out using an automated routine in AIPS (SAD) in an iterative process that first fit the strongest Gaussians in a given channel, subtracted the resulting component from the map and then reiterated the search for Gaussian components above the noise cutoff in the map. This produces a fairly reliable set of Gaussian components without the very tedious process of fitting each component above the limit in each channel manually. The resulting positions were then grouped together in velocity space and position in tabular form. Only masers detected in two or more channels above the cutoff and no more than one beamwidth offset in position were retained. Fewer than 10% of the components were excluded in this process, pointing to the reliability of the iterative fitting process. The surviving component fits were then visually inspected using the 3-dimensional data analysis tool XGOBI 3 . Using XGOBI, it is possible to excise spurious Gaussian fits that result from the automated Gaussian fitting routine we utilized. If a fit was called into question by the XGOBI inspection process, the original maps were inspected prior to deleting the data point. Usually, spurious fits were caused by residual sidelobes being fit in several channels by the SAD routine in AIPS and occurred in channels that were dynamic-range limited. The components were then used for all subsequent fitting and analysis as described in Appendix A.
Description and Analysis of the Maser Regions
IRAS 4A
At the time of our observations, the water masers of IRAS 4A were found in two dominant regions, separated by 251 milliarcseconds (Epoch I) or 80.3 AU. A line connecting the two maser regions lies at a position angle of about −50
• (north through east) roughly perpendicular to the CO outflow axis. Comparison with our VLA observations show that the masers are associated with IRAS 4A2. Figure 1 shows the spatial and kinematic distribution of the masers for all four epochs, each with a closeup of the SE maser component.
The NW region exhibited only a single maser spot. Its peak flux decreased in time from 0.97 Jy at the first epoch to 0.12 Jy at the final epoch. The maser is at or slightly red-shifted relative to the molecular core velocity of +6.7 km s −1 . The SE region contains more highly red-shifted maser spots in Epochs I and II, including the maser used to self-calibrate each epoch and another weaker maser just west of the reference spot. In Epochs III and IV, another maser appeared ∼10 mas north of the reference feature at a velocity of ∼12.5 km s −1 (Figure 1 ). Because we self-calibrated the data using the brightest spot as the reference, its position remains constant over time and appears at the origin.
The separation vector from the reference feature to the NW feature increased in magnitude over time, expanding from 80.4 AU in the first epoch to 82.3 AU in the final epoch. The projected speed of expansion is 53.0 km s −1 given the assumed distance of 320 pc to the source. Since the line of sight velocity difference between the two regions is only 2 km s −1 and assuming that this velocity difference and the proper motion result from the projected velocity of an outflow jet, we can calculate an inclination for the outflow of 2
• . The true space velocity is therefore nearly equal to that measured in the plane of the sky, namely 53 km s −1 . As shown in Table 4 , the proper motion vectors for the NW feature relative to the reference feature has a position angle of −49.8
• , identical to the position angle of the separation vector.
IRAS 4B
Similar to IRAS 4A, IRAS 4B exhibits water maser emission in two dominant wellseparated regions associated with IRAS 4BW: one to the NW and another to the SE. Masers in the NW region are red-shifted relative to the cloud velocity of 7 km s −1 with velocities ranging from 13 to 20 km s −1 . Masers in the SE regions are blue-shifted with velocities ranging from -3 to 4 km s −1 . The radial velocities for the NW and SE groups are consistent with those in the northern and southern lobes of the bipolar HCN outflow observed by Choi (2001) and the bipolar H 2 CO outflow mapped by Di Francesco et al. (2001) . A complete list of the maser component velocities, fluxes, and positions can be found in Appendix A.
Figures 2 and 3 show the overall spatial and kinematic distribution of the maser emission as observed in each epoch for the two maser groups in IRAS 4B. Over time, the masers in the NW expand away from the reference feature at (0,0) in the SE maser group. A line connecting the two regions lies at a position angle of roughly −29
• and the two regions are separated by 488 milliarcseconds (mas) or 156 AU. The SE grouping is roughly arc-like with an overall extent of 38 mas (12 AU) and a thickness of 2 mas (0.6 AU), while the NW clump is more linear and extends about 26 mas (8.3 AU) with a thickness roughly the same as the SE clump. The highest velocity maser emission lies at the northern tip of the NW group (+20 km s −1 ) and at the southern tip of the SE arc (−3 km s −1 ). In addition, a small maser group is located approximately 100 mas (32 AU) to the NNW of the main SE arc. This region's structure changed during the epochs, but usually consisted of two or three well-separated maser features (by several mas or about 0.3 AU). This distinct region is located close to the line connecting the NW and SW maser groups. If the active maser regions mark the interaction of a bipolar jet from IRAS 4BW with ambient gas, then the opening angle of the jet would be ∼10
• .
Beginning in the second epoch, but much more clearly shown in the third and fourth epochs, a new arc-like ridge of lower velocity emission became visible to the south of the other masers in the NW region. This region is not well-characterized by point-like emission, but is more diffuse and seems to be an extended ridge of maser emission. By the fourth epoch, the entire NW feature had grown to roughly 40 mas (12.8 AU) in extent.
We compared the positions of the reference feature, which is present in all epochs in the SE clump (B-REF in Table 4) , with a maser in the NW clump that persisted through all four epochs (B-5 in Table 4 ). The separation vector for the two masers increased over 59.81262 days from 499.59 mas (159.87 AU) to 508.25 mas (162.64 AU). A linear regression fit to the magnitude of the separation vector as a function of time yields an expansion velocity of 78.2 km s −1 with a formal error of ± 3.9 km s −1 . The radial velocity difference between the two masers of 18.5 km s −1 suggests an inclination of the outflow of about 13
• from the plane of the sky.
To investigate the proper motions of the masers associated with IRAS 4BW, we identified all components that were present in all four epochs of observation. Three components were identified in the NW and two were identified in the SE. We averaged the mean positions of the NW and SE components and averaged these two positions to estimate an average geometric fiducial position for each epoch. This position was then subtracted from each maser component. These referenced positions are presented along with the fluxes and original positions in Table 4 . Finally, we fit straight lines to the positions of the components as a function of time. The resulting tangential velocities and position angles from these fits are also presented in Table 4 and are very similar for all five maser components. Their motions are very uniform over the four epochs with average values of 43 ± 2 km s −1 at a position angle of −38
• ± 2 • . Figure 4 shows all of the maser components as observed in Epoch 1 and their corresponding proper motion vectors. Again, an overall expansion is apparent along the axis connecting the two regions.
Discussion
IRAS 4A
Since the water masers toward IRAS 4A have always been found coincident with the position of A2 (when they were detected), we consider three alternatives for the origin of the water maser emission seen using the VLBA: 1) the water masers are in an outflow which is the close-in extension of the large-scale molecular outflow, driven by IRAS 4A2; 2) the water masers are excited by an interaction of the close-in flow and the accretion disk itself and 3) the water maser outflow is driven by a companion to IRAS 4A2, as yet unresolved. We consider each of these alternatives in turn.
Alignment with the large scale outflow
The alignment of the water maser outflow is curious in that it does not have the same position angle as any of the larger-scale outflows emanating from the two sources in IRAS 4A. The axis of the large-scale outflow defined by the SiO, CS, CO, and H 2 emission (Choi et al. 2006; Choi 2005; Blake et al. 1995) , and driven by A2, may be drifting with a rate of 0.011 degrees/yr (counterclockwise as seen on the sky) and a zero-point angle of around −166
• (i.e., presumably the jet-injection angle), depending upon the fit of the large-scale emission (see Figure 3a of Choi et al. 2006 ). For the large-scale flow, the blue-shifted emission is generally in the south to southwest and the red-shifted emission is generally in the north and northeast. The maser outflow, however, on a scale of 200 mas, has a position angle of −50
• , and has the more highly red-shifted emission to the southeast. Thus, if the masers were marking the close-in extension to the flow, the position angle of the flow would have to change from +130
• to −165
• , in a counterclockwise direction, from 40 to 300 AU from the star. We consider that such a shift in jet direction is very unlikely, if not unphysical.
Interaction with the A2 accretion disk
The jet direction near the base of the flow, as indicated by Choi et al. (2006) , and also by the CS J=7→6 emission (Blake et al. 1995) appears to be about 0 degrees (i.e. northsouth). If the masers were excited by an interaction of the outflow with the A2 accretion disk itself, then the opening half-angle of the jet at its base would have to encompass the direction of the maser axis. Thus the opening half-angle of the jet would be ∼ 50 deg. Such a large opening angle would seem inconsistent with the Class 0 phase and the high degree of collimation seen in the larger scale outflow.
An unresolved companion to IRAS 4A2
Perhaps the simplest explanation for the direction of the axis of the water maser emission is that it is not related directly at all to the large-scale molecular outflow, but that the masers are located in an independent outflow from another young stellar object. A large fraction of the water masers around low-luminosity YSOs, which have been observed and mapped with very high angular resolution, show bipolar flows and structural evidence for bow shocks as the jet impinges on and sweeps up ambient molecular material. Although the structural evidence is sparse (because of the small number of maser spots) for IRAS 4A, the bipolar velocity separation strongly suggests that the masers are tracing a jet outflow as, for example, in IRAS 05413-0104 . It is clear from VLA observations (e.g., Furuya et al. 2003 ; this paper) that the water masers toward IRAS 4A are always found toward A2 rather than A1, so A1 cannot drive the maser outflow. Therefore we suggest, that, in this scenario, there must be a companion to A2 that drives the water masers. Since the masers are clearly associated with the position of A2, and not A1, it is clear that the maser outflow, in this scenario, is not associated with A1. Indeed, the presence of a companion to A2 separated by 30-80 AU has been proposed by Choi et al. (2006) to explain the drifting of the 4A2 outflow axis. A companion within 100 mas (32 AU) of A2 would be consistent with it not being resolved in λ=3.6 cm continuum observations with the VLA (Reipurth 2000) .
IRAS 4B
While the masers trace a jet similar in velocity to the HCN outflow, the position angle of −29
• is significantly different from the north-south orientation of the outflow. Choi (2001) suggests a dynamical lifetime for the molecular outflow of ∼200 years (corrected to a distance of 320 pc). This is much longer than the dynamical lifetime of the maser emission which is on the order of a year. We conclude that the jet must be precessing in such a way as to move the projected outflow axis from a position angle of 0
• to −29 • in several hundred years. In this picture, the jet would be impacting the walls of the outflow cavity as it precessed "clockwise" in the plane of the sky. The NW maser group would represent the western wall of the pre-existing cavity and the SE maser group the eastern wall. This would explain the linear, arc-like structure of the maser groups and the appearance of new masers at the southern extent of the NW group. This model can only be reconciled with observations of dense outflowing gas traced in H 2 CO by Di Francesco et al. (2001) if there were a second outflow from an unresolved companion to IRAS 4BW. If our picture is correct, one would expect future VLBI observations to reveal new masers south (north) of the NW (SE) group. One would also expect that on a larger scale, tracers of the jet would display a characteristic S-shape, bending back to a north-south orientation. Indeed, slow precessing jets have been proposed for a number of YSO outflows (Matthews et al. 2006; Hodapp et al. 2005; Terquem et al. 1999 ) that suggest the presence of a nearby companion (Terquem 1998 ).
The proper motion vectors for the five persistent maser spots relative to a fiducial point (Figure 4) suggests a larger position angle than that of the outflow axis defined by the relative motion of SE and NW masers (−38
• vs. −29
• , see Table 4 ). This is reminiscent of the proper motions seen in the triple radio continuum source in Serpens (Curiel et al. 1993) , where the outer components of the radio jet have the same tangential velocity but are moving in slightly different directions. Although the maser emission in IRAS 4B traces the jet at scales 40 times smaller than that traced by the radio continuum in the Serpens jet, this difference in relative motions may be suggestive of similar physical processes in the two jets.
The larger position angle defined by the proper motion vectors in IRAS 4B suggest that, in addition to the tangential velocity imparted to the masing gas by the outflow jet at a position angle of −29
• , there is an additional component of about 6 km s −1 perpendicular to the outflow axis. It is possible that this motion is related to the expansion of the outflow cavity into the ambient cloud.
Maser Geometry
We estimate that the maser outflows in both IRAS 4A and 4B are nearly in the plane of the sky (inclination of only 2
• for IRAS 4A and about 13
• for IRAS 4B). In Claussen et al. (1998) we estimated that the inclination of the maser outflow for IRAS 05413-0104 was only 4
• . Models of maser emission (e.g. Hollenbach 1997) suggest that the masers trace shocks produced by the interaction of the jet and ambient material along the jet. Shocks that propagate close to the plane of the sky provide much longer maser coherence lengths than those that propagate at larger inclination angles. Thus outflows that have inclinations close to the plane of the sky provide a more favorable maser geometry, perhaps explaining why some well-known outflows from low-mass YSOs do not show maser emission.
Conclusions
We have observed the water masers associated with IRAS 4A and 4B at VLBI resolutions in four epochs over three months. We have determined that the masers are related to the jets emanating from these YSOs due to their spatio-kinematic distribution. In both sources the masers are found associated with known single components of multiple systems, with total separation velocities between 53 and 78 km s −1 . This is further confirmed by the large proper motions measured for both sources, which clearly rules out rotation due to the mass constraints placed on the central objects by other observations. The water masers of IRAS 4B form arc-like structures roughly 10 AU in length and less than 0.6 AU in thickness. The structure of these structures changes rapidly with time, with many new maser components appearing and disappearing in just one month. The orientation of the structures in the plane of the sky does not agree with larger scale outflow angle, which we attribute to a possible unseen very close companion. Future observations will have to sample the source more frequently than once every three weeks, with once every 3-5 days probably providing the best results.
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A. Table of Maser Components for IRAS 4B
Maser component fits were averaged using a flux-squared weighting scheme, that emphasizes the strongest portion of the maser emission and produces a reliable location for the maser. As some masers are present for only three channels, a full Gaussian fit to the maser as a function of velocity was deemed impractical, although it could have been used for the masers that existed over many channels. We opted to use the same position-determining scheme for all features. These averaged component fits and their corresponding errors are given in Table 5 for IRAS 4B. Note that the uncertainty in position for the reference channel is simply the error on the mean position values determined for the spot and is indicative of the reliability of the Gaussian fitting routines in the presence of noise in the images. Fig. 1.-The spatial and kinematic distribution of the water masers associated with IRAS 4A2 for the four epochs observed. The top frame in each panel shows the velocity and flux of the detected features, the lower frame shows the spatial distribution. The maser to the NW is colored blue (at the cloud velocity) and those to the SE are coded red (red-shifted relative to the cloud velocity). The size of the circles in the figure is proportional to the flux of that maser component. All components measured in each channel are presented (e.g., no component averaging has been performed). The error in the position of the spots (typically less than 20 µarcseconds) cannot be plotted on the large scale figure. Table 4 ). The length of the proper motion vectors are 2 km s −1 per plot unit. Note that the proper motions are not at the same position angle as a line connecting the two maser groups (see text).
